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Dying of a bad overhang
 
ells with shortening telomeres hit two successive barriers: 
they first stop dividing as they become senescent, and later 
undergo a cell death process termed crisis. Although crisis may, 
as suggested by others, be controlled by overall telomere length, 
Sheila Stewart, Ittai Ben-Porath, Robert Weinberg (Whitehead 
Institute, Cambridge, MA), and colleagues now blame the onset 
of senescence on a particular structure at the end of telomeres.
The important structure is a single-
stranded overhang of G-rich residues at the 
3
 
 
 
 end. The group demonstrates that over-
hang length of several hundred bases is 
maintained over many generations of cell 
divisions, but drops to fewer than 100 resi-
dues at senescence. Telomerase increased 
overhang length, which may account for 
its ability to delay senescence. Various 
cellular stresses caused minor shortening 
of the overhang—cumulative stresses may 
therefore shorten it sufficiently to initiate 
senescence. Cells with inactivated p53 and 
Rb tumor suppressor pathways continued 
to divide despite loss of overhangs, 
suggesting that these cells are resistant to 
the putative growth inhibitory effects of 
overhang loss. Weinberg says the results 
indicate “the function of telomeres is 
unrelated to calculating the number of cell divisions. Instead, they 
represent signal transducing devices” that detect cellular stresses.
The overhang is critical for forming the T-loop, which prevents 
end-to-end chromosome joining. Short overhangs may disrupt 
the T-loop, or another aspect of telomere structure, which may 
lead to release of a DNA damage signal that initiates p53 and Rb 
signaling. 
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Overhang length drops 
at senescence (sen) 
but is rescued by 
telomerase (TERT).
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Ring around the chromatin
 
ew insight into the structure of 
cohesin suggests it might lasso sister 
chromatids to hold them together until 
anaphase. Stephan Gruber, Christian 
Haering, and Kim Nasmyth (Research 
Institute of Molecular Pathology, 
Vienna, Austria) report interactions 
between cohesin subunits that reveal 
a circular structure for the complex.
The ring consists of cohesin subunits 
Smc1, Smc3, and Scc1. Previous results 
indicated that Smc heterodimers form a 
V-shape, with the two proteins joined at 
the hinge. Now, immunoprecipitation 
experiments demonstrate that the ends 
of the V are joined by Scc1 (or by its 
meiotic replacement, Rec8), forming a 
ring of cohesin on chromatin in vivo.
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Cleavage of the ring by separase 
released the it from chromatin in vitro 
and in vivo. “The big question now,” 
says Nasmyth, “is what is the pathway 
of the DNA. Is it trapped inside the ring?” 
Although he has not yet seen sister 
Cohesin rings hold chromatids together 
until the ring is cleaved at anaphase.
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chromatids within a single ring, the 
ring size is estimated to be about four 
times the size of a chromatin fiber, large 
enough to accommodate both chromatids. 
Ring assembly may be coordinated with 
DNA replication to ensure that cohesin 
traps sister strands.
Scc1- and Smc-like proteins are 
also found in complexes involved in 
condensing and organizing individual 
chromosomes in bacteria and eukaryotes. 
Rings may therefore be one of the most 
ancient structures used to regulate DNA 
structure, certainly older than eukaryote-
specific nucleosomes. 
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Searching DNA in 3D
 
recent report defies the dogma for how sequence-specific 
DNA binding proteins find their final binding sites. The 
article, by Darren Gowers and Stephen Halford (University of 
Bristol, Bristol, UK), shows that proteins travel three-dimensional 
(3D), rather than one-dimensional (1D), routes to their resting 
A
Proteins find binding sites by 
hopping from one site to the 
next rather than by sliding.
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sites.
In the old 1D, or sliding, 
model, proteins bind ran-
domly to nonspecific DNA 
and then slide along as 
though on a track to their 
binding sites. By separating 
the nonspecific DNA and 
the binding site on inter-
linked rings of DNA called catenanes, the Bristol group now 
demonstrates that proteins can jump to their destinations.
In a catenane, a binding protein cannot interchange from one 
ring to the other without first dissociating from the DNA. How-
ever, restriction enzymes found their binding sites in the midst of 
extraneous nonspecific DNA just as efficiently whether the two 
were joined in one molecule or linked in a catenane. Thus, the 
authors suggest that proteins dissociate and rebind until they 
reach their specific sites. Searching was more efficient on super-
coiled rather than on relaxed DNA, probably because the former 
compresses the volume of space that proteins must traverse.
Halford feels that the 3D model makes more sense than sliding 
for proteins that are not energy driven. “The main problem with 
the 1D model,” he says, “is that the protein has the same chance 
of moving left or right, so it stays in approximately the same place. 
But it can cover a bigger volume in three dimensions.” 
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